Background: The association between solvents and Alzheimer's disease (AD) has been the subject of several studies. Yet, only few studies have examined the various solvents separately, and the controls have rarely been monitored long enough. For these reasons and others, we believe that further studies are required. Objectives: The objective of this study was to identify solvents associated with the clinicoradiological diagnostic of AD or mixed-type dementia (MD). Methods: A retrospective case-control study was performed in 156 patients followed up at the Memory Diagnostic Center of Bertinot Juel Hospital (France). The inclusion criteria were known occupation(s), a Mini-Mental State Examination (MMSE) score ≥ 10 at the first visit, a neuropsychological evaluation performed and a diagnosis established in our Memory Diagnostic Center. The diagnostics were crossed with 9 solvents belonging to two classes of solvents. Exposure was evaluated using French national job-exposure matrices. Results: Certain petroleum-based solvents and fuels (i.e. mineral turpentine, diesel fuel, fuel oil and kerosene) were associated with a diagnosis of AD or MD. This association was still significant after adjustment for age, sex and education (adjusted OR: 6.5; 95% CI: 2-20). Conclusion: Occupational exposure to mineral turpentine and heavy fuels may be a risk factor for AD and MD.
Background
Upon researching the previous occupations of patients in the geriatric unit of Bertinot Juel Hospital, we addressed the possible role of occupational exposure in the development of Alzheimer's disease (AD). The medical literature is rich on this subject, and many agents, including lead [1, 2] , acrylamide [3] , electric and electromagnetic fields [4] [5] [6] , mercury [7] , copper [8] , nitrosamines [9] , arsenic [10] and solvents, have been studied without conclusive results. Concerning the association between solvent exposure and AD risk, several studies have reported negative findings [11] [12] [13] [14] [15] [16] . To our knowledge, there was only one large-scale study focusing on AD, by Kukull et al. [17] , which reported positive findings.
From an in-depth analysis of the contents of those studies, we determined that the question is far from resolved. The case-control study by Kukull et al. [17] focused on 193 recently diagnosed AD cases from the University of Washington Alzheimer Disease Patient Registry (ADPR) and 243 randomly selected age-and sex-matched controls. A history of exposure to organic solvents yielded an adjusted odds ratio (OR) for AD of 2.3 [95% confidence interval (CI): 1.1-4.7]. Among males, the OR increased to 6 (95% CI: 2.1-17.2). The authors concluded that prior exposure to organic solvents was associated with occurrence of AD.
There have been some biological and methodological criticisms of this study. First, an absence of pathophysiological support for the association has been noted [18] . Most of the known biological effects of solvents are associated with an insult to the integrity of the cell membrane; however, in AD, it is the integrity of synapses that is in question [18] . Second, amyloid deposits and neurofibrillary degeneration have never been observed in the autopsies of patients who died of solvent-induced leukoencephalopathies [18] . Concerning the latter fact, it is possible that encephalopathy appears earlier in life than AD, and that these patients have not had sufficient time to grow old enough to develop AD.
Methodological criticism emphasized the large number of nonrespondents and excluded participants [19] . Only 66% of the original case sample and 45% of the control sample remained for the final analysis. In principle, Kukull et al. [17] were aware of the uncertainty of an AD diagnosis in the absence of the gold standard technique (i.e. biopsy samples), and consequently they aimed at minimizing false positives and false negatives. For this reason, their study excluded all individuals diagnosed with 'possible' AD dementia from the case group, and all participants with a Mini-Mental State Examination (MMSE) [20] score <28/30 from the control group.
In the case-control study by Graves et al. [15] , cases were derived from the same sample as in the study by Kukull et al. [17] (i.e. the ADPR), except that only participants who had a spouse were included. The authors did not find an association between the risk of AD and solvent exposure. Nevertheless, the duration of solvent exposure in years was significantly associated with the risk of AD, even after adjustment for age and education. This risk disappeared when the duration was multiplied by the intensity of solvent exposure. These findings are not inconsistent, but they do not account for the situation in which, for example, the duration counts twice as much as the intensity.
Other negative studies also raised concerns such as the choice of controls from among participants with brain tumor, cerebrovascular disease or migraine (e.g. Palmer et al. [14] ). In the absence of a cognitive assessment of these controls, how can one be certain that they were not participants with dementia, either subclinical or masked by the main neurological pathology? Moreover, some studies did not mention which solvents were studied or researched (e.g. Shalat et al. [13] ). All the aforementioned studies, with the exception of the study by Kukull et al. [17] , considered all classes of solvents as a single variable. Without a direct relationship to AD, Cherry et al. [21] compared the results of neuropsychological tests among workers who were or were not exposed to solvents at a large construction site. Even after adjustment for education and age, significant differences were found in several tests, including the Buschke test [22] . These differences only disappeared after the control group was redefined. Cherry et al. [21] concluded that solvent exposure was not linked to a decrease in test performance. In a prospective study of 30 workers, White et al. [23] found that solvent exposure may result in a lack of performance in cognitive functions, such as visual memory, in the absence of any clinical manifestation.
Methods

Objective
To identify solvents associated with the clinicoradiological diagnostic of AD or mixedtype dementia (MD), we conducted a case-control study that was not limited to a single variable (solvent exposure) but instead assessed several solvents individually.
Study Design
A retrospective case-control study was performed, aimed at identifying solvents associated with the diagnostic of AD or MD among patients observed in our Memory Diagnostic Center. Positive results were adjusted for age, sex and education. We decided to retain only subjects who had undergone neuropsychological evaluations (NPEs), for two reasons: (1) we followed the European Federation of Neurological Societies (EFNS) recommendations about the relevance of quantitative neuropsychological testing in patients with questionable or very early AD [24] , and (2) NPEs may minimize the number of false negatives as controls are more likely to be nondemented if they are diagnosed as such after having undergone an NPE.
Setting
We examined the medical records of all patients (n = 351) whose clinical course was followed in our Memory Diagnostic Center between November 4, 2005, and September 10, 2013. All cases were monitored by the same geriatrician, Dr. C. Zinetti. The Memory Diagnostic Center of Bertinot Juel Hospital is part of a network that includes the Beauvais Hospital, where NPEs and brain imaging were performed, and the Amiens University Hospital, where neurological opinions were requested. All three hospitals are located in the region of Picardie, France.
In addition to clinical and neurological examinations, the consultation service of Dr. Zinetti includes anthropometric measures, an initial battery of neuropsychological tests and scales as well as scoring of a patient's autonomy and thymic disorders. The most commonly used tests and scales are the Instrumental Activities of Daily Living (IADL) scale [25] , the MMSE [20] , the categorical and lexical verbal fluency tests, the 5-word test with cued recall (5WT) [26] , the clock drawing test [27, 28] , the 5-item version of the Geriatric Depression Scale [29] , the Hamilton test [30] and the Montgomery-Åsberg Depression Rating Scale (MADRS) [31] . Dr. Zinetti also describes, in a nonstandardized way, the different language, orientation and behavior disorders, as well as failures of autobiographical memory, working memory and reasoning. In addition to clinical, biological and brain imaging examinations, Dr. Zinetti requests the completion of detailed NPEs whenever they are deemed to be an aid in the diagnosis of AD or in rehabilitation planning; although a neuropsychologist may or may not suggest one or more hypotheses, the diagnosis is made by the physician.
Subjects
Inclusion Criteria
Patients had to have undergone at least 1 NPE by a neuropsychologist to be included in the study, even if not all tests were completed. Furthermore, the participants' previous occupation(s) had to be entered in their folders, and they had to have an MMSE score ≥ 10 at the first visit.
Exclusion Criteria
Patients were excluded if monitoring was interrupted before the diagnosis of a cognitive disorder could be provided, or if they were monitored in our center but diagnosed elsewhere. Only 156 patients were retained. Their characteristics were as follows: 75 ± 10 years of age; an MMSE score of 24 ± 5 at the first visit; 65% female; 29% with a family history of dementia; 80% with a cardiovascular disease or cardiovascular risk factor, and 6% with a history of head trauma.
Matching
We did not perform matching between cases with and those without dementia for two reasons. First, matching would have necessarily reduced the number of controls, who were monitored in our Memory Diagnostic Center and had received an NPE and often neuroimaging, and thus were most valuable because they were more 'normal' than, for example, controls retrieved at random from an electoral list. Second, we had the intention of treating confounding factors (age and educational level) during the logistic regression analysis.
Variables and Statistics
Exposure Variables Solvents were defined by job-exposure matrices which are available on the website of the Institut de veille sanitaire (InVS; French Institute for Public Health Surveillance) [32] , a public institution under the tutelage of the French Ministry of Health. The InVS offers two programs with job-exposure matrices: Sumex, which evaluates exposure among the active population, and Matgéné. Although Matgéné processes fewer chemical agents than Sumex, it not only integrates data since 1950 but also considers the evolution of techniques and regulations; thus, it may estimate occupational risks over a lifetime. Matgéné was considered to be more appropriate to the nature of our research. This program also provides numerical estimates in terms of the period, probability, intensity and frequency of exposure to a chemical agent for each workstation. Unfortunately, the size of our study population did not allow us to account for these criteria, and we were limited to the concept of exposed/not exposed.
The solvents were classified by Matgéné into two groups: (1) chlorinated solvents, specifically trichloroethylene, tetrachloroethylene, methylene chloride, chloroform (trichloromethane) and carbon tetrachloride (tetrachloromethane), and (2) petroleum-based solvents and fuels, specifically benzene, gasoline fuel, mineral turpentine, diesel fuel, fuel oil and kerosene. The last 3 products are grouped together in Matgéné.
For the analysis of exposure, occupations were crossed with sectors of activities. The InVS recommends the ISCO 68 because it is more detailed. Moreover, it is long-lasting and more suitable to the population being studied than the PCS 94. For example, the occupation of farrier does not exist in the PCS 94. Conversely, occupations such as hospital service agent and early childhood educator do not exist in the ISCO 68, yet they exist in the PCS 94. As a general rule, we have, whenever possible, privileged the ISCO 68. The choice between the NAF 2000 and the ISIC 75 was simpler because Matgéné did not allow a search in the ISIC 75 based on keywords. Passage from one classification to another was performed by using the application Transcodage, and assistance with encoding was provided by the application Caps, both of which are available on the InVS website [32] .
Research on exposure may be performed by crossing an occupation with a sector. The most frequent intersection was ISCO 68 × NAF 2000. When the ISCO 68 was used, 86% of the occupations had a 5-digit code, reflecting an acceptable degree of precision. For 74, 20 and 4% of the participants, 1, 2 and 3 occupations were cited, respectively. One participant had followed 4 occupations, and 4 participants had never worked.
The neuropsychological tests studied correspond to those used by neuropsychologists at the Beauvais Hospital. They cover many functions or faculties: the Épreuve de dénomination orale d'images ('Test of Oral Picture Naming'; DO 80) [33, 34] [42, 43] ; the test of judgment based on the criticism of an absurd story [44] explores reasoning; the similarities subtest of the Wechsler Adult Intelligence Scale-Revised (WAIS-R) [45] explores the capacity of conceptualization, and the Stroop test [46] explores the capacity of inhibition.
Diagnostic Variables: Different Types of Dementia
The criteria adopted in our Memory Diagnostic Center for the diagnosis of AD were the criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) [47] . The diagnosis of vascular dementia was based on the Hachinski Ischemic Score [48] . AD and MD were grouped together in a single variable. The criteria for mild cognitive impairment (MCI) were those of Petersen [49] . The other variables studied were age, sex and education (education was defined as '1' if the certificate of primary education was obtained, otherwise as '0').
Confounding Factors: Age and Education
Except in the BEC 96, the standards of numerical neuropsychological testing all are already calibrated according to these factors. Additionally, we adjusted our positive results of an association between solvent exposure and a diagnosis of AD or MD for age, education and sex.
Statistical Analysis
For all statistical data, the results are expressed as OR (with 95% CI) if p < 0.05. Means are presented with their standard deviations (±SD). The statistical analysis was performed using Epi Info 7.1.2.0 software from the Centers for Disease Control and Prevention (CDC).
Ethics
The work was conducted in compliance with the requirements of the site's Institutional Review Board/Human Subjects Research Committee. Formal ethical approval was not needed for this analysis of anonymized, routinely collected data. Table 1 shows the characteristics of all patients. The mean MMSE score suggests that the demented subjects may have had mild and moderate dementia. Unfortunately, the association between solvent exposure and vascular dementia (8 patients) and other dementias (4 patients) could not be studied because of the small size of each group. In the same way, patients having MCI without conversion in 2013 (8 patients) were excluded from the solvent risk analysis. Table 2 surveys differences between cases (AD or MD) and controls (nondemented). The difference in the duration of monitoring could be explained by the fact that the cases were receiving medicines such as cholinesterase inhibitors as well as other multidisciplinary care. All cases underwent neuroimaging, while the controls required slightly more NPEs than the cases in order to achieve a diagnosis. There was a significant difference in age between the cases and controls, and this may be a limitation due to the absence of matching. Table 3 shows the results of the different statistical analyses comparing the performance in the NPEs (normal/pathological) between participants who were exposed to different chlorinated or petroleum-based solvents and participants who were not exposed to these solvents. This table distinctly shows that some petroleum solvents are associated with an impairment of episodic memory as well as with several other cognitive impairments. These results led us Values are means ± SD unless specified otherwise. VaD = Vascular dementia. Subsequently, we tested the effect of exposure to this new variable on the diagnosis of AD and MD in the same patients. The association between exposure to MDFK and AD or MD was positive even after adjustment ( table 4 ). The fact that age appeared to be a small risk factor can be explained by its retention as a continuous variable. The OR linked to age represents the increase in risk due to an increase of 1 year of age, all variables being unchanged.
Results
The occupations most commonly found among participants with dementia exposed to MDFK were housemaid (ISCO 68: 552), farmer (ISCO 68: 61220), driver ( Values are OR with 95% CI in parentheses. C 2 HCl 3 = Trichloroethylene; C 2 Cl 4 = tetrachloroethylene; CH 2 Cl 2 = methylene chloride; CHCl 3 = chloroform; CCl 4 = tetrachloromethane; Chlor. solv. = chlorinated solvent; DFK = diesel oil, fuel oil, kerosene; DFR = delayed free recall; DTR = delayed total recall; FR = free recall; IIR = initial immediate recall; MT = mineral turpentine; Petrol. solv. = petroleum-based solvent; TR = total recall (free and cued recalls). The occupations most commonly found among participants without dementia not exposed to MDFK were administrative assistant, caregiver, teacher and educator, hairdresser and beautician, trader and seller, cook and administrative executive. The diagnostics of participants without dementia varied greatly -for example, normal cognitive status, anxiety, depression, chronic psychosis, other psychiatric disorders, social problems, sleep apnea syndrome, age-related benign cognitive deficit, benign attention disorders, nonevolutive sequelae of cerebral hypoxia, cerebral tumor and sensory deficits.
Chlorinated solvent exposure was associated with a slowdown of a few psychomotor skills, as evidenced by the time required for some tests. However, these solvents were not associated with any memory impairment, especially episodic memory impairment.
Discussion
Our study has several particularities: the number of solvents under study, the fact that controls were adequately monitored before allocation to the group without dementia, the choice of binary variables for the analysis of NPE results to avoid the effect of extremes, and the choice of the Matgéné program, which evaluates occupational risks not at a given time but for one's entire life from 1950 onwards.
Our results clearly show that, after adjustment for age, education and sex, specific petroleum-based solvents and fuels (i.e. mineral turpentine, diesel oil, fuel oil and kerosene) are associated with a diagnosis of AD or MD. Those petroleum-based solvents were already suspected during the analysis of the NPE results because they were associated with impairment of episodic memory in all its processes, whereas benzene, gasoline fuel and chlorinated solvents were not. It is worth mentioning that low education did not appear to be a risk factor if it was adjusted for with regard to petroleum solvents.
A cross-sectional study by Berr et al. [50] on retirees aged 55-65 years who worked for a French national gas and electricity company showed an association between exposure to different solvents and performance in two tests: the MMSE and the Digit Symbol Substitution Test (DSST) [51] . Benzene and toluene were included among the solvents studied. It is difficult to compare our results with the results of Berr et al. [50] . Their methodology was satisfactory and the number of participants was significant; however, the patients were younger than in our study and had not received clinicoradiological monitoring for the diagnosis of AD. In addition, it seems surprising that a solvent as widespread as mineral turpentine was not included in their analysis.
Other studies have noted a modification in multiple cognitive functions and psychological test results among workers exposed to mineral turpentine [52] [53] [54] . The assumption of a cause and effect implies a long latency period between exposure, which occurs at an active age, and AD, which is strongly linked to aging. However, the results of these studies [52] [53] [54] argue in favor of deterioration, most likely at a subclinical level, at an active age. In light of these results, one can assume that this latency period is not a period of normality, and that discrete anomalies exist early in life, although those anomalies must be searched for.
Studies on the irreversible effects of other petroleum-based compounds are extremely rare [55] . In fact, the only reason that we studied fuels was that they were grouped with solvents by the Matgéné program. We are aware of the significance that such results might have because they relate to products that are widely used by professionals and individuals. Although the results of our study need to be confirmed by a cohort study, or at least by addi-tional case-control studies, we have decided to publish them for one basic reason: despite being sensitive to matters related to the etiology of AD, public opinion requires considerably more than a single study to be alarmed. Publications on, for example, aluminum and electromagnetic fields are a far cry from having changed the daily behavior of populations. By contrast, not to publish our study, despite the probability that our findings are tangible, would be irresponsible. As to why only specific petroleum-based compounds were associated with the risk of AD and others were not, we do not have a precise answer. Other studies may, if the risk becomes substantial, clarify this point. For now, while admitting to having neither the knowledge nor the expertise of biochemists, we can point out that the compounds in question (i.e. mineral turpentine, diesel fuel, fuel oil and kerosene) have one thing in common: relatively high temperatures of distillation.
Limitations
The first limitation to our study is the age difference between the cases and controls. By choosing NPEs as a selection criterion, we reduced the number of controls, and no matching was possible. Studies with large sample sizes allowing matching will be needed to confirm our results.
The second limitation is the fact that the compendium of occupations was based on interviews with participants who already had memory disorders. This compendium was prepared by our geriatrician during the first visit and subsequent NPEs. On both occasions, the presence of a close relative or friend was required; this person could complement or correct a participant's answers. Nevertheless, this approach is no guarantee for obtaining accurate answers. Additional studies, equipped with precise means of verification, are warranted.
Our study was conducted in France, on participants subjected to tests that are ordinarily used by French neuropsychologists and geriatricians and for whom exposure to chemical hazards was assessed by tools put in place by the French health authorities. Thus, our samples are reasonably close to the target population. This aspect is encouraging, but it leaves the uncertainty of a potential 'local' bias covering differences to other countries as far as risk assessment and diagnosis are concerned. The best way for our study to be substantiated would be for equivalent studies to be performed in other countries.
